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PEW?ORMANCE(1!?A NORMAL-SHOCKSCOOPlXLET

W3XEBOUNDARY-- CONTROL

By AlsonC.FrazerandWsrrenE. Anderson

SUMMARY

Testsweremadeon a normsl-shockinletmountedas a scoopon a flat
plateonwhicha turbulentboundarylayerwasgenerated.A boundary-
layer-remavslscoopwasprovidedbetweentheinletandtheplateand
varioussmountsof theboundarylayerwereremoved.Theeffectof
psrtislboundary-layeradmittanceto themaininleton thetotal-pressure
recoveryendflowstabilitywasdeterminedovera rangeoffree-stream

4 Machnumbersfrom1.35to 1.75anda rangeof scoopmass-flowratiosfrom
maximumtotheleastforwhichstableflowcouldbe maintained.

. Resultsof thetestsindicatedthattheinletflowstabilitywas
unsatisfactorywhentheboundary-layerscoopwaslocatedintheentrance
planeofthemaininlet;thestabilitywasmsrkedlyimprovedwhenthe
boundary-layerscoopwasetiendeduptresm. Thetotal-pressurerecovery
of themaininletincreasedwithboundary-layerremovalforsllMach
numbers.Thrustcalculations,whichincludedcalculatedcowl,additive,
andboundsry-lsyer-removsltiags,indicatedan optimumboundary-layer
removslof approxhnately70percentofthetotalboundary-layerthickness
forallmass-flowratiosandinletMachnumberstested.Ccqarisonof
thethrustofthescoopinletwiththethrustthatwouldhe availableif
normsl-shockpressurerecoverysmdnoboundary-layer-remuvsldraghad
beenrealizedindicatedthatthescoopsystemcandevelc@from96 to100
percentofthisidealizedthrustwhenoptimumboundary-layerremovalis
used.

INTRODUCTION

In thedesignof jet-pr~elledaircraftit isoftendesirableto
● locatetheair@ets &ft‘alongthefuselage.“Suchinletlocations

involvetheproblemoffuselageboundarylayeranditsinfluenceonthe
“ inletperformance.In general,theadmittanceofthisboundsrylayer

.
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intoa normal-shockscoop-typeinletresultsina reductioninthedif-
fuserflowstabilityatreducedmass-flowratiosandalsoina lossin
thetotal-pressurerecovery.Forsupersonicinletvelocitiesthese
adverseeffectsareincreaseddueto shock-waveboundary-layerinter-
actions.Theinletcharacteristicscanbe improvediftheboundarylayer
aheadof theinletIsremoved.However,boundary-layerremovalcauses
drag,themagnitudeofwhichmustbe comparedwiththeincreaseinthrust
resultingfromthe@provedpressurerecover-y.Suchan evaluation
requiresknowledgeoftherelationshipbetweentheremovaldragandt’he
thrustobtainedby useof themaininletwithboundary-layerremoval.

Theeffectofboundary-layerreamvalonthetotal-pressurerecovery
andflowstabilityof a halfconical-shockside-scoqpinlethasbeen
previouslyreported.Forexszqple,references1 and2 indicatelarge
improvementsmaybe hadinbothofthesecharacteristics.Severalinlets
utilizinga varietyofexternalcompressionsurfacesarecomparedin
reference3,butfortheconditionof completeboundary-layerremoval
only.

Thepurposeofthepresenttestswastodeterminetheoptimumsmount
of thetotalboundary-layerthicknesstobe removedforwardofa normal-
shockscoopinletfortheattainmentofthemaximumnetthrustandthe
attainmentofa broadrangeof stablemass-flowratiosatallMachnum-
bers. Themodelusedwasa normal-shockscoopinletwhichcanbe
expectedtohavehighnet.internal-thrustcoefficientsatMachnumbers
up to about1.5acii-ordingto calculationsreportedinreference4. All
inletcharacteristicsrequiredforcalculationofthenetthrustwere
measuredovertheMachnumberrangefrom1.35to1.75.

A

N@Jp

SYMBOLS

sxea,sqft

@4?X9
coefficientofnetthrustbasedon +,

dimensio~ess
(SeeAppendix.)

“FN)pideal ideal.netthrustcoefficientbasedon Sp (assumesnormal-
shock-wavetotal-pressurerecoveryandnoboundary-
layer-removaldrag),dimensionless

d distancemeasuredpositivein theupstreamdirectionfrom
theinletstation,in.

H totalpressure,lb/sqft

h heightofboundary-layerscooy,in.

&

.

.-
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local.totslpressurewithintheboundarylayer,lb/sqft

()
5 ‘/5Hz~d ~g Jo

10cKLtotalTressurefollowinga normalshockat thelocal
Machnumberwithintheboundarylayer,lb/sqft

lengthofmainscoop,in.
(Seefig.1.)

Machnuniber,dimensionless

massflow,slugs[see

PIV=A=mass-flowratio,-

static

radius

engine

- P. V~A~

pressure, lb/sqft

of internalsCOOPcontour,in.

frontslarea,sqft

localvelocityimmediatelyoutside

localvelocitytithintheboundary

velocity,ft~sec

distancemeasuredfromthemain
thedownstreamdirection,

distsncemeasurednormalto

boundsry-layerthidmess(~

IIESS density,ShlgS/CU ft

in.

the

boundarylayer,ft/sec

layer,ft/sec

inletstation,positivein

mountingplate,in.

= 0.99),in.

Subscripts
.

0
.

flowconditionson themountingplateforwardof the
boundsry-layerscoop(referredto asfreestresm)
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e

B.L.

inletstation

diffusertotal-pressuremeasuringstation

exitstation

boundarylayer

TESTAPPARM3JS

WindTunnel

ThetestswereperformedintheAmes8-by 8-inchsupersonicwind
tunnel.ThetestMachntier wasvariedbymesmsofa slidingwallof
thetunnelwhichresultsina varisble-throatareawhilemaintaininga
fixedtest-sectionarea. (Seeref.5.) TheReynoldsrumiberperfoot
variedfrom7 to11million.Auxiliaryvacuumpunpswereemployedto

*

“

.—

inducethemassflow‘intothewin andboundary-layer

Model

A sketchof themodelemployedinthesetestsis

scoops.

.

showninfigure1,
andphotographsofthemodelsinstalledontheceilingof the8-by 8-inch
supersonicwindtunnelareshowninfigure2.

Themodelconsistedofthreeparts: (1) Thesemicircular,sharp-
lipmaininletanddiffuser;(2) a %oundaryplate”whichmadeup the
uppersurfaceof themain-inletdiffuserandalsocontainedthreesides
of a narrow,rectangular,sharp-lip,boundary-layerScoopj and(3)a
mountingplateoverwhicha simulatedfuselageboundarylayerwasgener-
ated. Twoboundary-layer-scoopdesignsweretestedasshowninthe
photographs.

A subsonicdiffuserwasdesignedtoprovidea localstatic-pressure
gradientproportionaltothelocalstaticpressmeaccordingtothe
methodoutlinedinreference6. TheMachnumberat thediffuserentrance
waschosenas 0.70whichcorrespondstothesubsonicMachnumberfollow-
inga normalshockwaveata free-streamMachnumberof1.5. Theterminal
Machnumberat thediffuserexitwaschosentobe O.W. Theresulting
variationofdiffusercross-sectionalareaixshowninfigure3. Very
gradualdiffusionis indicatedforvaluesof x/L fromO to0.2,corre-
spondingto thediffusionratethatwouldresultfroma 1/2°conical
expansion.Itwasexpectedthatthisgradualinitialareavariation
wouldbe helpfulinmaintainingstableinletflowunderconditionsof
appreciableboundary-layeradmittancetothemaininlet.Theadvisability

.
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ofmaintaininga verygradualrateof diffusionnesrtheinletasregards
internalflowstabilityhasbeenreportedinreference7. Thesubsequent
diffusionrateisalsogradual,beinglessthsnthatfora 1° conical
expansionup to an x/L valueofapproximatelyO.gO.

Theboundary-layer-scoq?diffusionwasaccoxuplishedbya divergence
of 30betweentheupper-andlowersurfacesoftheduct. Theductside
wellswerepsrallel.Figure2 showsthetwopositionsof theboundsry-
layer-scoqpleadingedgewhichweretested.In figure2(a)theboundsry-
lsyerscoqpislocatedintheplaneof themaininlet}andinfigure2(b)
theboundsry-layerSCOQ islocatedupstresmof themaininleta distance
equalto 30Qercentof themain-inletradius.Theheightoftheboundsry-
layerSCOQ wasvariedby introducingshimsofvariousthiclmesses
betweenthemountingplateandtheboundaryplate.

Themountingplateextended6 inchesqpstreamof themaininletand
spannedthetunnel.Tovarytheboundary-layerthickness,tripwires
weremountedspanwiseon themountingplateneartheleadingedge. The
diametersofthetripwiresrangedfrom0.006to0.050inch.

Instrumentation“

*

Theprincipalinstrumentationconsistedoftotal-~ressuretubes
locatedinthediffusersofthemainsndboundsry-layerscoops,csli-. bratedorificemeters,andinternalstatic-pressureorificeslocated
alongthemain-inletdiffuser.In addition,severaltotal~ressuretubes
wereinstalledforreferencepurposesintheplaneoftheinletandwere
usedto assurerepeatabilityof theboundary-lsyerprofilesandthefree-
stresmtotalpressure.Thesereferencetubes,togetherwitha numberof
static-pressurereferenceorificeson themountingplate,areindicated
infigure1. Preliminarysurveysweremadeonthemountingplatebefore
theboundsryplateanddiffuserwereinstalled.Thesepreliminarytists
wereconductedusingseparatetotal.and static-pressurerakesto obtain
dataat theinletstationforthecalculationof theboundsry-layer
profilesandforthedeterminationoftheslightvariationofthefree-
stresmpressuresdueto thepresenceofthe

TESTPROCEDURE

Theboundsry-layerparameter,h/5,was
scoopheightandboundary-layerthickness.

tripwires.

fixedby selectingvaluesof
Forvaluesof (h/8)>0.67,h

washeldconstant(0.100in.)anda tripwireto givethedesired6 was.
chosenfromtheboundsry-layer-profiledataobtainedinthepreliminary .
tests.For (h/5)<0.67,8 washeldconstsnt(0.1~in.)and h wasvsri~

.



by theuse ofshhs locatedbetweentheboundaryplateandthemounting
plate.Themaininletwasthenoperatedoverthestablerangeofmass-
flowratiosateachtestMachnumber.Theboundary-layerscoopwas
operatedat alltimesatthegeatesttotal-pressurerecoveryforthe
maximumpossiblemass-flowratio.

ACCURACY

Theaccuracyofthedatawasestimatedby consideringthescatter
ofthedataforrepeatedruns,themanometerlagandreadingerror,and
thestatisticalprobabilityerrorwheremultipletermssreinvolvedin
thedefinitionsofa particularparameter.Estimatesoftheprobdble
errorinthedatathusobtainedexesumarizedinthefollowingtable:

PsrsmeterPercentprobableerror

%/% *0.5
ml/mo *1.0
qJmo *1.O
@@p *1.5

% *loo
h/8 *1.0

RESULTSANDDISCUSSION

Thetotalboundary-layerthicknessesandvelocityprofilesforthe
varioustripwireswhichwereeqployedareshowninfigure4. The
velocityprofilewhichcorrespondstotheseventh-powerlawofturbulent
boundarylayersisalsoindicated.TheeffectofMachnumberonboth
thetotalthicknesssadprofileshapewasvery.smallandwithinthe
experimentalaccuracyofthemeasurements.

Initialtestswereconductedwiththeboundsry-layerscooplocated
intheplaneof theentrancetothemaininlet(seefig.2(a)).Itwas
observed,however,thattheinternalflowbecameunstableatmass-flaw
ratiosslightlylessthanunityforallvaluesofMachnumberand h/5.
Themodelwastherefwemodifiedas showninfigure2(b)inan attempt
to improvetheflowstability.Themodification,whichconsistedof
locatingtheboundary-layerscoopupstreamof themaininletscoopa
distanceequalto 30percentof themaininletradius,wassuccessful
andalldataanddiscussionpresentedinthisreportpertaintothe
modifiedmodel.

.

.

—
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. MainInlet

. Visualflowobservation.- An extensivestudyof the”schlieren
pictures,whichweretakenof theexternal-flowpatternsforalltest
conditions,wasmadeinorderthatan empiricalrelationshipcouldbe
determinedbetweenthemain-inletmass-flowratio,free-streamMach
number,andmain-inletnormal-shock-waveposition.Sincetheboundary-
plateextensioncanbe consideredtobe a designvsriable,depending
uponMachnuniberandtherangeof subcriticalmass-flowratiostobe
encountered(subcriticalreferstomass-flowratioslessthanmaxtium)j
sucha relationshipwasconsideredtobe pertinentto thetestresults.
Theresultsofthestudysreshownin figure5 by curveswhichrepresent
theaverageforallvaluesof h/b. A straightlineat d/rl= O.w
representstheextensionof theboundaryplatearbitrarilyselectedfor
useinthepresenttests.Alsodeducedfromthestudyoftheschlieren
picturesweretypfcslexternal-flowpatternswhicharepresentedin
figure6 andwhichwillbe helpful.in clarifyingsomeoftheresults
presentedinlaterparagraphs.Theexternalflowwasobservedtovary
primarilywithmass-flowratioand h/b. TheeffectofMachnumberwas
to influencethetermimlupstreampositionof themain-inletnormal
shockforwhichstableinternalflowcouldbe maintained.

●

Totsl-pressurerecovery.-Thevariationsof themain-inlettotal-
pressurerecoverytithmass-flowratioforvsriousvaluesof free-stream

. Machnumberand h/8 ereshowninfigure7. Thefree-stresmMach
numberswereslightlydifferent,dueto shockwaveswhichweregenerated
by thebound~-layertripwires.Thedataarepresentedfortherange
of stablemass-flowratiosandshowthatthetotal-pressurerecovery
increasedas themass-flowratiodecreasedat allMachnumbersfortest
valuesof h/5 greaterthenzero.A secondaryincreaseinrecoverywas
notedat a reducedmass-flowratioformanytestconditions.This
secondaryriseintotalpressurewasdueto theexternsl-flowpattern
thatexistedwhenthenormalshockwavewaslocatedupstreamof the
boundary-layerscoop.Theschlierenpicturesoftheflowreveelthat
theboundarylayerupstreamof theboundary-layerscoopthickenedor
separatedwhenthenormalshockwavehpingeduponit. Thisthickening
or separationresultedin shock-wavebifurcation.Thesuctionwhichwas
qppliedtotheboundary-layerscoopsucceededinturningthethickened
or separatedflowbacktowardthescoopwhichcapturedallorpartofity
dependingupontheparticularvalueof h/8andn+o. Underthiscon-
dition,themaininletrealizeda two-shockpressurerecoveryovera
smallpartof theinletarea,whichresultedina secondarygainin the
total-pressurerecovery.In orderto correlatetheoccurrenceofthe
secondarygainin total-pressurerecoverywiththeshock-wavelocation
upstreamof theboundary-layerscoop,a dashedlineis showninthe
figuresto indicatethemass-flowratio- Machnumberrelationshipthat
existedwhentheshockwavewaslocatedat theleadingedgeofthe. boundary-plateextension.A seeondaryriseisnotslwaysindicated
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since,for h/8 lessthan1.0,someoftheboundary-layerflowsinto
themaininletandtheexternalmain-inletnormslshockwavemaybifurcate
whenlocatedontheboundaryplate.Undertheseconditions,thesecondary
gainisreplacedby a uniformriseinpressurerecoverythroughoutthe
rangeofsubcriticalmass-flowratios.At lowvaluesof h/b thelarge
amountofboundarylayergoingintothemain.$nletcmqpletelyeliminated
thesecondaryincreaseinpressurerecavery.Instead,unstableflow
resultedwitha consequentdropinthetotal-pressureratio.

Thedataoffigure7 werecross-plottedagainsth/5 forseveral
selectedMachnunibersata mass-flawratioof0.95andareshownin
figure8. Thevariationinthee~ertientalfree-streamMachnumbersover
therangeof h/5 madeitnecessaryto interpolatefortheselected
vsluesoftheMachnumber.Alsoshowninfigure8 arecurveswhich
representa theoreticalmaximumtotal-pressurerecovery.Thesecurves
wereobtainedby integratingnormal-shock-wavetotal-pressurerecovery
atthemeasuredlocalMachnumberacrosstheplaneoftheentranceto
theinletandthroughtheboundarylayer.Goodagreementwasobtained
betweentheseresultsandthosecalculatedby themethodofreference8.
An additionalallowancewasmadeforan internallossequalto2 percent
ofthesubsonicdynamicpressureat theentrance.Sucha lossisbelieved
tobe reasonableforthediffuserusedinthisinvestigation.Thedif-
ferencebetweentheexperimentalandthetheoreticalcurvesrepresents
theeffectoftheboundarylayeronthesubsonicdiffusionprocess.The
principalgainintotal-pressurerecoveryresultingfromboundery-layer
removalis seento occuratlowvaluesof h/b. Theover-allhrprovement
intotal-pressurerecoveryduetoboundary-layerremovalrangedfrom6 to
8 percentofthefree-stresmtotalpressureovertheentirersngeofMach
mniberstested.Thisimprovementis considerablylessthanthatwhich
wasreportedinreference1,whichmay”bedue,inpart,to thedifference
inmethodsof externalcompressionandin subsonicdiffuserdesignbetween
thetwotests.Inreference1 anexternalcompressionsurfacewasuti-
lizedand,also,largeradversepressuregradientsexistedwithinthe
subsonicdiffuser.Bothofthesefactorsbringaboutreducedpressure
recoveryinthepresenceofboundarylayerand,therefore,boundary-layer
removalcouldbe expectedtoresultina greaterpercentimprovementfor
theinletofreference1 thanforthatofthepresentinvestigation.

Flowstability.-Theinternalflowinthemaininletwasobserved
tobe stableovera rangeof subcriticalmass-flowratioswhichgenerally
decreasedwithanincreaseinMachnuniberand/ora decreasein h/5.
(Seefig.7.) ForthelowertwonominslMachntierstested(1.35and
1.47),theloweststablemass-flowratiosweresuchthatthemain-ink%
normalshockwavewaslocatedconsiderablyforwardoftheleadingedge
oftheboundary-layerscoopforsllvsluesof h/b otherthan h/5= O.
TMiswasalsotrueatalfachnwiberof1.65forallvaluesof (h/8)>0.k2.
At thehighesttestMachnumber(~ = 1.77),unstableflowoccurredat
(h/b)<O.69withthenormalshocklocatedontheboundaryplate.The

.

—

.
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. abilityofthemaininlettomaintainstable

9

internal.flowwithlarge
amountsofboundarylayeradmittedto theductmaybe attributedto–the
lowstatic-pressure~ad.ientsinthesubsonicdiffuser.The@ortance

● ofthesubsonic-diffuserdesignonthestabilitycharacteristicsof an
inlethasbeenreportedpreviouslyinreferences6 and9.

Internalpressuredistribution.-Thevariationof staticpressure
alongtheintersectionof theplaneof symmetrywiththesurfacesof
thesubsonicdiffuseris indicatedinfi-~e 9-forrepresentativemass-
flowratiosat extremevsluesof h/5 sndfree-stresmMachnumbers.
Thetwocurvesat (~/qJ = 1.0 representtwonormal-shock-waveloca-
tionswithintheduct. Theageementof thepressuresmeasuredonthe
appositesurfacesoftheductindicatethatthediffusionwasuniform,
a conclusionwhichwassupportedby thetotal-presswecontoursat
station3 whichwereobtainedwiththetatal-pressurerake. Eacht8St
condition,witha singleexception,resultedina symmetricaltotal-
pressuredistributionwitha high~ressurecentralregionwhichincreased
insizewithan increasein h/~. Theexceptionnotedwasfora value
of h/b of zeroanda MachmuiberOT1.77withthemain-inletnormal
shockwavelocatedinsidethediffuser.Forthistestpointa slight
asymmetryofflowwasdetected,duetoflowreversalinthevicinityof
theduct-corners.

.

Boundary-LayerScoop
.

Total-pressurerecovcry.-In orderto evaluate
ciencyoftheboundary-layer-removalsystem,itwas

properlytheeffi-
firstnecessaryto

determinetheaverageavailabletotalpress&eat theentranceofthe
boundsry-layerSCOW. Therefore,calculationsweremade,basedcm the
measuredboundary-layervelocityprofilesandalsoon thetheoretical
turbulent-velocityprofile.Theratioof theaverageavailabletotal
pressureto thefree-streamtots3pressureispresentedforboththe
measuredandtheoreticalprofilesinfigure10 as a functionof h/8.
Themeasureddata,shownforMachnunibersapproxhatelyequalto 1.35
and1.75,showgooda~eementwiththetheoreticalpredictionsand
representthemaximumtotalpressurethatcouldbe recoveredwithinthe
bound--layerscoopunderconditionsof isentrqpiccaqpression.

FigureXL showstheratiooftheactualtotsl-yressurerecovery
thatwasattainedto thatwhichwastheoreticallyavailable.Theeffi-
ciencyof thediffuserinrecoveringtheavailabletotslpressurewas
lessthan0.86fordl testconditionsanddecreasedas h/8 increased
beyond0.5. TheeffectofMachnuniberwassmall.Alsoshowninthe
figurearecurveswhichrepresenttheratiooftheintegrationofthe.
normsl-shocktotal-pressurerecoveriesacrossthescoopentranceto the
availabletotal.pressure.~ thecalculationof thesecurves,thetotsl

. pressureaudMachnumberprofileswithintheboundarylayerwereused,
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andthenormal-shocktotsl-pressureratiowasbasedonthelocalMach
nuniber.ThedifferencebetweenthecurvesforthessmeMachnuniber
representsa measureoftotal-pressure-ratiogainthatmightbe realized
witha moreefficientboundary-layerdiffuser.Additionalresearchon
theflowofboundarylayerinscoopsisrequiredifhighertotal-
pressurerecoveryand,consequently,lowerboundary-layer-remavaldrag,
aretobe reslized.

.

.

Massflow.-Theratioofthemaximumboundary-layer-scoopmassflow
to themaximummain-inletmassflowisshowninfigure12as a function
of h/8 forthehighestandlowestMachnuuiberstested.Theeffectof
Machnumiberisseentobe Small$whiletheeffectof increasingh/b
islargefor(h/5)<0.6,butthereaftertheeffectdecreases.Thevari-
ationisprobablyduetotherelativelysmallch

7
e inthevelocity

profilewhichresultsfrcsna changein b when h 8 isnear1.0. For
h/8 lessthan0.6,theamountofbofidary-layer-scoopflowwasreduced
by reasonof theloweraveragevelocitiesintheboundsry-layerprof~e
andthereducedinletarea. Theratioofmeasuredmassflowtothe
theoreticalrnaximumveluebasedontheintegrationofthevelocity
profilesis showninfigure13 asa functionof h/8 forthetwo
extremevsluesofMachnu@er whichweretestedendwiththemaininlet
operatingsupercritically.Forthehighesttestvalueoffree-stream
Machnuniberjthemass-flowratiovariedfromvaluesgreaterthan1.0at
thelowesth/8 testedtolessthan1.()atthehigherh/b. Forthe ●

lowestMachnuqber,the~ss-flowratiowaslessthsn1.0overthe
entirerangeof h/& An explanationforthemass-flawratiosgreater

.

than1.0isprobablythatatlowvaluesof h/5,theflowenteringthe
.

boundary-layerscoqpwassubsonic.
— —

Thisbeingthecase,thesuction
pressures.couldbe transmittedupstresmtoaffectthevelocityprofile,
therebysnowingtheincreasein.mass-flowratio.Thea~arentmass-
flowspillageatthehigherh/6 maybe duetolocalshock-wavedetach-
mentinthevicinityoftheboundsry-layer-scoqplipsandsidewalls.

EvaluationofResults

In orderto evaluatetheworthofa boundary-layer-removalsystem,
it isnecessaryto considerthenetpropulsivethrustofan installation
whichincludesthedragassociatedwithboundary-leyerremovsl.The
methodforcalculating’internalthrustcoefficientsreportedinrefer-
ence10wasused. Thismethodmakespossiblerapidcomputationofthe
internalthrustcoefficientsasa functionoftotsl-pressurerecovery
andMachnumber.Thethermodynamiccycleoftheturbojetengineused
in theillustrativeexazqplecontainedinthereferencereportwasassumed,
andthecalculationssrebasedonengineoperationwithafterburneratan
altitudeabove35,000feet.Externalcowlandsiiditivedragswere
computedby themethodsreportedinreferences11 andIX!,respectively.

.

.
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. Boundary-layer-remavaldragwascomputedby evaluating
totalmomentumfranthescoapinlettoan assumedexit
staticpressurewasequelto thatof thefreestream.

11

thechangein the
wheretheexit
Isentropicflow

. wasassumedto existbetweenthetotsl-pressure-rakestationandthe
fictitiousexit.No attemptwasmadeto correctforthedragthatmight
resultfromtheejectionoftheflowintothefreestresm.Allthrusts
anddragswereconvertedto coefficientswhichwerebasedon thefree-
streamdynemicpressureandtheassumedenginefrontalarea,Sp (see
Appendix).

Figure14 showstherelativeincreaseh netprop~si~et~ust
coefficient,(~N)p,whichmaybe obtainedby theuseofboundsry-layer
removal.Thereferencethrustcoefficientisthatwhichwouldbe obtained
withnoboundary-layerremoval.Theresultsshowninthisfigureindicate
thatan increasein thrustc= be obtainedat allmain-inletmass-flow
ratiosandthata peakvalueisobtainedat a valueof h/8 of qpprox-
tiately0.70.Figure14representstheresultsobtainedat a free-stream
Machnuniberof1.3.4;identicaltrendswerenotedfordl Machmmibers
tested.It shouldagainbementionedthatthetestprocedurerequired
a changein b forchangesin h/b neer1.0. As a result,G/rl vsried
fromabout0.076to0.120whichmayhavehadem effecton thevalueof
h/5 forpeekthrust.Reference1,however,showstheeffecttobe small
fora~roxhnatelythesamerangein 5/rl..

Sincetheoptimumvalueoftheboundary-layer-removalpsrameter,
h/8,wasobservedtobe 0.70forsllmass-flawratiossmdMachnumbers,.
therelativeincreaseinthrustfora testvalueof h/b neartheoptimum
(h/8= O.69)wasplottedasa functionof inlethlachnumberandinlet
mass-flowratio.Theresultingcurvesarepresentedinfigure15. The
effectivenessofboundsry-layerremovslintermsofnetthrustapparently
increaseswithMachnumber,atleastovertheMachnuniberrangetested.
Theeffectofreducingthemass-flowratiois to increasethethrustgain
overthethrustthatwouldbe availableundera conditionofnoboundsry-
layffremoval.Thismass-flow-ratioeffectonthethrustincreaseisnot
dueasmuchto thesubcriticalthrustincreaseoftheinletwithboundary-
Iayerremovalas itisduetothesharpreductioninavailablethrustof
theinlet”nokincorporatingboundary-lsyerremoval.Thelineof short
dashesdrawnon thefigureindicatestheboundarybetweenthedatawhich
wereobtainedwiththeexternalnormalshockwavelocatedupstreamof
theboundsry-layerscoopandthosewhichwereobtainedwiththeshock
wavelocateddownstreamof theboundsry-lsyerscoop.

Thecomparisonofthenetpropulsivethrustcoefficientsobtainable
withthescoopinletwithoptimumboundsry-leyerremovalandthenet
propulsivethrustcoefficientswhichwouldbe obtainableifnormalshock

. total-pressurerecoveryendnoboundary-layer-removaldragexistedis
presentedinfigure16 forseveralmass-flowratiosandovertherange
oftestMachzuuibers.Thescoqpinletof thepresenttestsis seento

.



prgducethrust,coefficientsfrom96 to100percentofthev~ue w~ch
wouldbe obtainedundertheconditionsassumedforthemass-flowratios
whichwouldexistwiththenormAlshockwavelocatedontheboundsry
plate.

.

.

Allthethrustcalculationssreconsideredtorepresenta trend
thatisLikelyto occurwithboundsry-lsyercontrolof thetypeinves-
tigated.However,theaver-allperformanceoftheboundary-layer-removal
systemand theoptimumvalueof h/8 maybe slteredby a morejudicious
designof theboundary-layer-scoopdiffuseranda differentboundary-
plateextension.

It ~ears evidentfromthesetestsandcalculationsthatthenet
thrustcoefficientof a normal-shock-typescoopinletincorporatinga
boundsry-layer-renmvslsystemmaybe verynewly equaltothatofan
ideal-normal-shocknoseinlet.

-. CONCLUSIONS —

An investigationoftheeffectsof a turbulentboundarylayeron
theperformanceof a normal-shockscoopinletatMachnunbrsfrom1.35
to1.75hasledtothefollowingconclusions: ,

1. An increaseinthestablerangeof g~bcriticalmass-flowratio
canbe obtainedfora,normal-shockscoopinletby extendingtheboundary-

“

layer-removalscoopforwardofthemaininlet.

2. At all.Machnumbersandmass-flowratiostested,themeximum
gaininnetthrustoccurredat a valueofboundary-layer-sco~height
equalto approxhately70percentoftheboundary-layerthickness.

3. Thrustcomparisonbetweenthescoopinletofthepresenttests
iricorporatingoptimumboundary-layerremovalandan idealnormal-shock
noseinletindicatedthatthe-scoop-inletthrustcoefficientswerefrom
96 to-lOOpercentofthatoftheideslizedinletovertheMachnuniber
rangetested.

4. Theflowinboundary-l~er-removalscoopswarrantsadditional
investigationforthe.p~oseofimprovingthepressurerecoveryand
increasingtheratioofmassflowtothatwhichistheoreticallypossible.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,C!slif.
.

.
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Thenetthrust,

Withtheuseof AM
stresmtubeentering

as

to

AFPENDIX

N!3TTHRUSTCOD?FICUINT

13

definedinreference10,is

FN=Fi-~

denotethechangein totalmomentumof the
theinlet,theinternslnetthrustFi becomes

Valuesof Fi canbe obtainedfromreference10. Fortheexternaldrag

~ = AMo.L+ DC + %.L.
Themomentumterm ~-= istheadditive&ag asdiscussedinreference
12 andisdenoted.by Da. ThevsluesDC and~ ●L. arethe&ags due
tothecowlpressureandtheboundary-layerscocrp,respectively.
Therefore,by useofthecoefficientnotationofreference10,thenet
thrustcoefficientreferredto & is

Thenetthrustcoefficientreferredto ~ isthen

Unidimensionally

Finally

,.

.
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(a) Boundsry-lWerscoopflushwithmaininlet.

(b) Boundary-layerscow extended.

Figure2.-Photographsofmodelmountedinwindtunnel.
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